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1. Objectives of Analysis

Calculate smooth vertical ground-motion response spectra (GMRS) for the PSEG Site by
applying V/H ratios to the horizontal GMRS calculated in Ref. 1.

2. Inputs
Horizontal GMRS from Ref. 1.

Vertical/Horizontal (V/H) ratios from Ref. 2 and 3.
Western US ground motion equations (Ref. 4, 5, and 6).
Deaggregation earthquake magnitude and distance parameters (Ref. 7).

Vs3om (mean shear wave velocity in the top 30 m) for the profile corresponding to the
GMRS control elevation (-67 ft, NAVD) from Ref. 8.

10 and 10 median base rock PGA from Ref. 9.

3. Literature Search and Background Information

Recommended V/H ratios for response spectra are given in Ref. 2 and 3. There is no
reference that directly recommends V/H ratios for CEUS soil sites, so multiple V/H ratios
are derived here from various sources (including manipulating Western US (WUS)
ground motion V/H ratios using Ref. 4, 5, and 6), and a conservative envelope is used to
bound those estimates to derive a recommended set of V/H ratios for the PSEG Site.

Literature pertinent to this calculation as cited in the text and shown in the References
listing at the end of this text was reviewed.

4. Assumptions and Basis

No assumptions were made that require later verification.

5. Computer Calculations

OTM

The only computer program used was Microsoft Excel 2010°™. All electronic files for

this calculation are included in Ref. 10.

6. Hand Calculations

All calculations are performed in the Excel spreadsheets PSEG_GMRS .xIsx,
Campbell_Bozorgnia 2003.xlsx, and Gulerce Abrahamson 2011.xlsx. These
spreadsheets are contained in the electronic files for the calculation of smooth vertical
GMRS for the PSEG Site (Ref. 10).

CALCULATION PROCEDURE:

The Excel spreadsheet PSEG_ GMRS xIsx contained in Ref. 10 calculates vertical GMRS
at 38 frequencies for the PSEG Site.

1. Excel file PSEG_Horizontal GMRS.xls is copied from Ref. 1 and renamed PSEG
_ GMRS.xlsx.
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2. Worksheet RG1.60 NUREG6728 VH Ratios in spreadsheet PSEG_GMRS xlsx
includes the V/H factors from Table 4-5 of Ref. 2 for CEUS rock conditions with
PGA between 0.2-0.5g (NUREG/CR-6728 V/H ratios for CEUS rock). This
worksheet also calculates V/H ratios from Reg. Guide 1.60 (Ref. 3).
Recommended spectral amplitudes based on ground displacement for 0.25 Hz in
Ref. 3 are converted to spectral accelerations as explained in notes in this
worksheet.

3. Refs. 4 and 5 provide horizontal and vertical spectral acceleration attenuation
models for different site conditions in shallow crustal active tectonic regions (e.g.
WUS conditions). This model was implemented in worksheet CB2003 of the
spreadsheet Campbell _ Bozorgnia 2003.xIsx (Ref. 10). The input parameters are
the earthquake magnitude, closest distance to seismogenic rupture, closest
distance to the surface projection of fault rupture, fault dip, relative location of
site and fault (i.e. if site is on the hanging wall side), and site class. The
earthquake magnitude (M) and distance (R) values above are taken from the 10™
and 10° HF deaggregations in Ref. 7 because the frequencies above 10 Hz are
where the V/H ratio is highest, and it is important to represent this frequency
range accurately. The amplitude of the GMRS is below that of the 10 UHRS,
and the deaggregations at 10™ and 107 are expected to bound the earthquakes that
will control the GMRS. The background source zone corresponding to the M and
R values was the Extended Continental Crust — Extended Margin which has a
fault rupture mechanism that is predominantly strike-slip (Ref. 11) and a mean
rupture dip of 90°. The site class is selected as firm rock, which corresponds to
Vs3om value of 730 m/s computed in Ref. 8 for the profile corresponding to the
GMRS control elevation (-67 ft, NAVD). The worksheet CB2003 is copied twice
and renamed CB2003 1E-4HF and CB2003 ]E-5HF with the input parameters
updated with the correspondmg values for the 10 and 10° HF deaggregations,
respectively.

To validate the implementation of the model, the spreadsheet Campbell
Bozorgnia_2003.xIsx also contains additional worksheets that compare model
predictions using worksheet CB2003 and published results in Ref. 4 and 5. V/H
ratios will be computed by dividing frequency by frequency the vertical over the
horizontal response spectral ordinates. These V/H ratios correspond to WUS
conditions, which have peaks at frequencies of approximately 15 Hz and higher.

4. Ref. 6 provides a V/H ratio model for different site conditions in shallow crustal
active tectonic regions (e.g. WUS conditions). This model was implemented in
worksheet GA2011 of the spreadsheet Gulerce Abrahamson_2011.xIsx (Ref. 10).
The input parameters are the earthquake magnitude, rupture distance, faulting
mechanism, median PGA for Vssom of 1,100 m/s (PGA100) and Vssgm at the site.
The worksheet GA2011 is copied twice and renamed GA2011 IE-4HF and
GA2011 ]E—5HF with the input parameters updated with the correspondmg
values for the 10 and 10° HF deaggregations, respectively.
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The earthquake magnitude, rupture distance, and faulting mechanism are
equivalent to the input parameters used in the previous step for Campbell and
Bozorgnia (2003) implementation. The Vgom for the profile corresponding to the
GMRS control elevation (-67 ft, NAVD) is 730 m/s (Ref. 8).

The value of PGAj1qo is not readily available from analyses performed to date.
However, the 10 and 10”° median base rock PGAs, which correspond to a shear
wave velocity of 9200 fps (or 2804 m/s) are available from Ref. 9. Review of the
V/H relation in Ref 6 indicates that for the GMRS profile (which has a Vo of
730 m/s), the PGA 0 value has no impact on the V/H ratios calculated at the
lower frequencies. This is due to the fact that Ref. 9 authors recognized that V3o
for rock sites is not a good predictor of site amplification at lower frequencies,
and thus developed a period-dependent cutoff value for shear wave velocity. The
V/H relation is not dependent on PGA ;g9 at the period dependent cutoff value for
lower frequencies for the GMRS profile.

Furthermore, higher values of PGA ;90 would be more conservative as they would
result in higher V/H ratios. As a result, because the median PGA corresponding
to the shear wave velocity of 2804 m/s from Ref. 9 would be higher than PGA 19
(due to the higher average shear wave velocity), a conservative approach is
adopted whereby the median 10* and 10 base rock PGAs in Ref, 9 (0.125g and
0.511g, respectively) are used as a proxy for PGAj100. To compare the impact of
PGA 100, Figure 1 presents the V/H ratios obtained for the 10* and 10™ HF cases
(from worksheets GA2011 1E-4HF and GA2011 1E-5HF, respectively) using the
median 10* and 10” base rock PGA from Ref. 9 as a proxy for PGA 0 and
compares them to the V/H ratios using a low PGA 199 of 0.05g. This comparison
confirms the conservative nature of using higher PGA ;o0 on V/H at high
frequencies and its lack of impact at lower frequencies (at and below 5Hz).

To validate the implementation of the model, the spreadsheet
Gulerce_Abrahamson 2011.xlsx also contains additional worksheets that
compare model predictions using worksheet G42011 and published results in Ref.
6. Most of the figures used to validate the implementation didn’t report the
PGA o0 value used to generate the figures. So, for the purpose of validating the
model, PGA o0 values were selected to obtain a good match with the published
results. All these PGA;g0 values are reported in the spreadsheet
Gulerce Abrahamson_2011.xlsx (Ref. 10).
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Figure 1. Comparison of 10* and 10”° V/H ratios for different values of PGA100. These
V/H ratios correspond to WUS conditions.

Source: Chart GA_VH comp in Excel file Gulerce_Abrahamson_2011.xlsx (Ref. 10).

5. The WUS V/H relations based on Ref. 4, 5, and 6 (steps 3 and 4 above) are copied
into worksheet WUS GMPEs VH in Excel file PSEG_GMRS.xlsx (Ref. 10). The
CEUS rock spectrum developed from Ref. 2 (shown in Figure 2), demonstrated
that V/H ratios in the CEUS have peaks at high frequencies (40 Hz and higher) as
opposed to the V/H ratios in the WUS that tend to have peaks at frequencies of
approximately 15 Hz and higher. As a result, in order to transform the WUS V/H
ratios from steps 3 and 4 to CEUS V/H ratios, the frequency axis is scaled by a
factor of 3 to approximate the difference between CEUS and WUS ground motion
frequencies (as shown in Figure 2). The recommended V/H ratios are input in
worksheet Recommended VH (shown in Figure 2) and envelop all the V/H ratios
developed or derived for the CEUS with the exception of Reg. Guide 1.60 ratios
(Ref. 3), which are considered obsolete because they are based on ground motion
records obtained primarily in California and all prior to 1973. Figure 2 presents
all of the V/H ratios developed for the PSEG Site, including the recommended
V/H ratio. The ‘unshifted” V/H ratios based on WUS conditions generated based
on Ref. 4, 5, and 6 (steps 3 and 4 above) are also shown as dashed light lines for
comparison only. The ‘unshifted” WUS V/H ratios are not all bounded (e.g.
Campbell and Bozorgnia 1E-5 HF unshifted) as they only represent WUS
conditions, which are not applicable here. Only the ‘shifted” V/H ratios are
bounded.
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Figure 2. V/H ratios calculated by various methods.
Source: Chart VH Ratio in Excel file PSEG_GMRS .xIsx (Ref. 10).

6. The final vertical GMRS is calculated in column J on sheet GMRS Smoothed in
file PSEG_GMRS.xlsx by multiplying the final smoothed horizontal GMRS (Ref.
1) by the corresponding recommended V/H ratio at each corresponding spectral
frequency (column I). The final vertical GMRS spectral accelerations for the
PSEG Site for 38 frequencies are located in cells N6:N43 with the corresponding
frequencies in cells L6:1.43.

SUMMARY OF RESULTS:

Figure 3 is a plot of the final horizontal and vertical GMRS for the PSEG Site (for 335
spectral frequencies between PGA (100 Hz) and 0.1 Hz). Table 1 shows numerical values
for the final GMRS spectrum for the PSEG Site (for 38 spectral frequencies).
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Figure 3. Final smoothed horizontal and vertical GMRS for the PSEG Site.
Source: Chart Final GMRS in Excel file PSEG_GMRS xIsx (Ref. 10).
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Table 2. Amplitudes for the Horizontal and Vertical GMRS for the PSEG Site

Frequency (Hz) | Horizontal GMRS (g) | Vertical GMRS (g) |
0.1 9.14E-03 6.86E-03
0.125 1.49E-02 1.12E-02
0.15 2.28E-02 1.71E-02
0.2 4.04E-02 3.03E-02
0.3 8.98E-02 8.74E-02
04 1.42E-01 1.07E-01
0.5 1.60E-01 1.20E-01
0.6 1.54E-01 1.16E-01
0.7 1.50E-01 1.12E-01
0.8 1.53E-01 1.15E-01
0.9 1.60E-01 1.20E-01
1 1.72E-01 1.29E-01
1.25 1.97E-01 1.48E-01
1.5 2.20E-01 1.65E-01
2 2.45E-01 1.84E-01
2.5 2.59E-01 1.94E-01
3 2.84E-01 2.13E-01
4 4.17E-01 3.13E-01
5 5.26E-01 3.95E-01
6 5.67E-01 4.45E-01
7 5.72E-01 4.66E-01
8 5.59E-01 4.70E-01
9 5.39E-01 4.65E-01
10 5.23E-01 4.62E-01
12.5 5.17E-01 4.79E-01
15 5.11E-01 4.91E-01
20 4.63E-01 4.71E-01
25 4.13E-01 4.37E-01
30 3.66E-01 4.01E-01
35 3.32E-01 3.73E-01
40 3.02E-01 3.47E-01
45 2.81E-01 3.23E-01
50 2.67E-01 3.07E-01
60 2.45E-01 2.81E-01
70 2.33E-01 2.68E-01
80 2.28E-01 2.62E-01
90 2.26E-01 2.60E-01
100 2.25E-01 2.59E-01
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CALCULATION 0360-RAI-061-9 - SUPPLEMENTAL ELECTRONIC FILES FOR VERTICAL
GMRS FOR THE PSEG SITE

Contained in zip file titled “Calc 0360-RAI-061-9 Rev. 0 SUPPLEMENT (2047-ACR-081)"
No paper printout
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